INTRODUCTION
Total available water resources in Arkansas greatly exceed the present and probable needs. The seasonal and yearly variability of streamflow is, however, such that a dependable year-round surfacewater supply without storage is not available in much of the State, even for modest demands. The average surface-water discharge for Arkansas is about 1.3 cfs per sq mi (cubic feet per second per square mile), or about 70,000 cfs. Average discharge ranges from about 0.9 cfs per sq mi in the extreme northwestern and southwestern parts of the State to more than 1.8 cfs per sq mi in the Boston and Ouachita Mountains. An average of about 1,410 cfs, principally from storage reservoirs, was used from surface-water sources during 1965. This value represents an increase of more than 50 percent since 1960, but is only 2 percent of the average discharge. Indications are that surface-water use in Arkansas will increase greatly during the next 30-50 years. Gl
G2 CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES
Sound development of water resources to meet the ever-increasing water demand requires basic data to define streamflow characteristics and analyses of these data to develop methods of estimating storage requirements to meet specific needs. The Water Resources Division of the U.S. Geological Survey has a continuing program designed to collect these basic data. A previous report by Hines (1965) presents a summary of low-flow frequency and flow-duration data for many streams in Arkansas.
PURPOSE AND SCOPE
The purpose of this report is to provide a means by which a potential user of water from a particular stream can determine the storage required to meet a certain draft rate during drought periods. This purpose is accomplished in part by defining draft-storage relations for streams where continuous-record gaging stations are located. Gaging stations cannot be operated at all the possible sites where draftstorage data might be required; therefore, to extend the usefulness of the present gaging-station network, draft-storage relations at the gaging-station sites were used to develop regional draft-storage curves from which storage requirements can be estimated at sites where only a few base-flow measurements are made.
In general, draft-storage relations were computed at gaging stations on streams having continuous discharge records of 10 years or more and not materially affected by regulation. Most of the large streams are regulated to some extent; therefore, only streams having drainage areas of about 2,000 square miles or less above the gaged site were used in the analysis. Draft-storage relations in this report are not applicable to regulated streams.
Storage requirements were computed for draft rates that are as much as 60 percent of the mean annual flow (table 2). For draft rates greater than 50 or 60 percent of the mean annual flow, required storage increases much faster than allowable draft. Surface storage is limited in much of the eastern part of the State because of flat terrain, and although storage requirements were computed for draft rates as much as 60 percent of mean annual flow for the purpose of regionalization, the higher storage values for the eastern part of the State are not shown in this report.
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METHOD OF ANALYSES
Aii analysis of storage requirements to insure dependable draft rates requires data on streamflow characteristics. Ideally, a long-term record of daily flows should be available at the damsite. Unfortunately, this ideal situation is seldom realized. In this report, draft-storage relations have been developed at points on streams where continuous records of streamflow are available, and these relations have been regionalized to permit storage requirements to be estimated where information is scant.
The traditional method of storage analysis is based on the mass curve of streamflow for the period of record. Details of this method are given in texts on water supply, but are not discussed here. This method is not suitable for an analysis of the optimum development of available streamflow, nor does it permit evaluation of the probability of a given storage being deficient; therefore, it was not used.
For convenience of analyses, separate analyses were made of within-year and over-year storage requirements, according to the time required for replenishment. Within-year storage was analyzed on a frequency basis by the use of frequency-mass curves. For droughts having recurrence intervals greater than 5 years, over-year storage must be considered for draft rates that exceed 0.3-0.5 of the mean annual discharge. The analysis of over-year storage is based on probability routing of mean annual discharge to define storage requirement related to the mean annual discharge and the variability of the annual discharges. Both analyses are explained in more detail in the following sections.
WITHIN-YEAR STORAGE
Low-flow frequency-curve series, based on annual minimum flows for various period lengths, were used in computing within-year storage requirements. These curves were explained and presented in tabular form by Hines (1965) . Data from the frequency curves were used to prepare frequency-mass curves, which in turn were used to compute storage requirements for various draft rates.
To illustrate this method, a within-year draft-storage analysis for Strawberry River at Evening Shade is detailed below. Figure 1 shows low-flow frequency curves for Strawberry River near Evening Shade for periods from 7 days to 1 year. From these curves, a curve relating volume to period of minimum discharge (frequency-mass curve) was prepared for recurrence intervals of 2, 5, 10, and 20 years. Figure 2 shows such a curve for a 20-year recurrence interval. This curve was computed by miltiplying the number of days times the corresponding discharge (ordinate scale in fig. 1 ) for a recurrence interval of 20 years. This value, in cubic feet per second-days, was plotted against the number of days. The curve drawn through the plotted points represents the volume of discharge available during a drought that would occur on the average of once in 20 years. Any desired constant draft rate can be drawn as a straight line of the appropriate slope. The greatest distance scaled between the draft line and the frequency-mass curve represents the storage required to maintain the indicated draft rate. The storage required to maintain a uniform draft rate of 50 cfs for Strawberry River at Evening Shade is about 15,000 acre-feet. This storage will be deficient on the average of about once in 20 years and has a 5-percent chance of being deficient during any year. By using this method, within-year storage requirements at 49 gaging sites, five of which are in Oklahoma and Louisiana, were computed for recurrence intervals of 2, 5, 10, and 20 years (table 2) . Draft rates in excess of the minimum annual average discharge must be supplied by over-year storage. For example, the 365-day frequency curve in figure 1 shows that for a 5-year recurrence interval, a draft rate of 102 cfs can be maintained by within-year storage; for a 20-year recurrence interval, a draft rate of 56 cfs can be maintained. 
OVER-YEAR STORAGE
An analysis of gaging-station records indicates that within-year storage will be' inadequate at intervals of 5 years or so for higher draft rates. For a 20-year recurrence interval, over-year storage is required for streams in Arkansas when the draft rate exceeds from 30 to 50 percent of the mean annual discharge. The method of analyzing over-year storage as described by Hardison (1966) is used in this report. This method is based on probability routing of mean annual discharges to define storage requirements related to the mean flow and the variability of the annual discharges. Analysis of streamflow records at many sites in humid areas (including the 49 sites for which storage requirements were computed for this report) indicates that generally the distribution of mean annual flows may be described by one of three standard two-parameter distributions: normal, log normal, or Weibull distributions. Hardison developed diagrams for various recurrence intervals for each of the three distributions. These diagrams show the relation between storage, draft rate, and coefficient of variation of annual flows. Seasonal adjustment, as described by Hardison, should be made to draft-storage relations computed from the diagrams.
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Curves showing the relation of draft rates as much as 60 percent of the mean annual discharge to storage requirements were obtained by combining over-year storage curves and within-year storage curves, computed from frequency-mass curves ( fig. 2) . A draftstorage curve for Strawberry River near Evening Shade for a 20-year recurrence interval, as shown in figure 3 , illustrates the method of combining the two. Figure 4 shows draft-storage relations for 2-, 5-, 10-, and 20-year frequencies for Strawberry River near Evening Shade.
REQIONALIZATION OF DRAFT-STORAGE RELATIONS
Regionalizing data is a means by which draft-storage relations can be estimated for stream sites other than those where continuousrecord gaging stations are located. Analyses of draft-storage data computed for stream-gaging stations indicate that these data can be regionalized by using an index of base flow as a parameter. The median annual minimum 7-day average flow (the minimum 7-day average flow having a recurrence interval of 2 years) has been used as a lowflow index in this report. The low-flow index for Strawberry River near Evening Shade is shown in figure 1 .
Mean annual discharge was also found to be a factor affecting draft- storage relations when draft rates are a large percentage of the mean annual discharge. The mean-discharge parameter was utilized by expressing draft rates, storage requirements, and low-flow indices as ratios to the mean annual flow. Draft-storage curves were defined for selected recurrence intervals by three parameter plots of draft rate against the low-flow index for selected values of storage, all expressed as ratios to the mean annual flow, These plots define draft-storage relations for draft rates as much as 60 percent of the mean annual discharge for recurrence intervals of 2, 5, 10, and 20 years. It was found that the standard error of estimate could be reduced considerably by dividing the State into three regions (pi. 1). Draft-storage diagrams for the three regions are shown in figures 5-10. Definition of the curves is illustrated by plotting gagingstation data for a storage of 0.20 of the mean annual runoff for a 20-year frequency in region B ( fig. 8 ). The method of using the diagrams is explained in the section "Application to Water-Supply Problems."
The standard error of estimate, computed from plots of draft rates from station data and plotted against draft rates from regional curves for various storage values and frequencies in each of the three regions, is less than 10 percent. The relation between storage requirements computed from individual gaging-station data and those computed from draft-storage diagrams for a draft rate of 0.5 cfs per sq mi for a 20-year frequency are shown graphically in figure 11. FIGURE 9. Draft-storage relations for 2-year and 5-year frequencies related to the median annual minimum 7-day average flow for streams in region C. Relations shown are for uniform draft rates. No adjustment has been made for reservoir seepage and evaporation. 
STORAGE REQUIREMENTS FOR ARKANSAS OTRElAMS
ADJUSTMENT FOB NATURAL STORAGE DEPLETION
No allowances were made for losses due to seepage, evaporation, or silt accumulation in computation of draft-storage relations. Seepage losses must be evaluated at the individual reservoir site on the basis of the permeability and porosity of the underlying geologic formations. Average annual evaporation from lakes in Arkansas varies from about 40 inches in the northeastern corner of the State to about 48 inches in the southwestern corner. (See fig. 12 .) The average annual precipitation in the State is slightly greater than the evaporation and ranges from less than 44 inches in the northwestern part of the State to about 56 inches in the Ouachita Mountains. (See fig.  13 .) Lake evaporation is thus not a problem in reservoir design in Arkansas during periods of normal rainfall and evaporation. During severe drought years, which are the critical periods for reservoir operation, evaporation may, however, exceed rainfall by as much as 30 or 40 inches in some areas. Losses in storage capacity due to silt accumulation in a reservoir must be evaluated on the basis of the size of the reservoir and the amount of silt being carried into the reservoir.
APPLICATION TO WATER-SUPPLY PROBLEMS
If a reservoir is built on a stream at or near one of the continuousrecord gaging stations for which data are shown in table 2, the station data are directly applicable to the reservoir design without use of the draft-storage diagrams. Adjustments can be made on a drainagearea basis, if the drainage area is not greatly different from that at the gaging station. At other potential reservoir sites, the diagrams in figures 5-10 must be used, and the designer must know (1) the draftstorage region in which the site is located, (2) the size of the drainage area above the site, (3) the mean annual discharge, (4) the value of the low-flow index at the site, and (5) the chance he is willing to take of storage being deficient. Plate 1 shows the delineation of the State into draft-storage regions A, B, and C. The locations of the 53 continuous-record gaging stations used in the analyses and the 132 partial-record gaging stations are also shown. Plate 1 shows the average annual discharge for the State. Table 1 lists drainage areas, low-flow indices, mean annual discharge, and draft-storage regions for the 185 sites shown on plate 1. Table 2 gives draft-storage relations for 49 of the 53 continuousrecord gaging stations.
If the reservoir site is not at or near a gaging station, the low-flow indices can be estimated on the basis of a few measurements of base flow at the reservoir site. The measured base flow is correlated with concurrent daily discharge at a gaging station for which the low-flow index has been determined. The storage requirements for the site can then be computed by using the procedure outlined: For example, assume that a draft-storage study is needed for a reservoir site on Curia Creek at the bridge on State Highway 25, 1^4 miles north of Dowdy. (See drainage outline on pi. 1.) Although this is a partial-record site (station 744, table 1), let us assume that we have no record. 1. The site is in region B (pi. 1), 2. Using the best available topographic map, the drainage area above the site is determined to be 55.7 sq mi. 3. The mean annual discharge is determined to be 1.15 cfs per sq mi (pi. 1), or 64 cfs (1.15X55.7), which is equivalent to 46,300 acre-feet per year (724X64). The mean annual discharge can be determined for any site by outlining the drainage area on plate 1 and then either by estimating the discharge visually or by computing a weighted average of discharge based on areas between isograms. 4. The low-flow index (abscissa in figs. 5-10) is determined by several discharge measurements made during different periods of base flow. Plotting discharges for these measurements against concurrent daily mean discharges at nearby continuous-record gaging stations shows a good correlation ( fig. 14) with Strawberry Iliver near Poughkeepsie (station 740). 5. The low-flow index for station 740 is 48 cfs (table 1) . This value is used to enter the regression in figure 14 , and from it the lowflow index for Curia Creek is determined to be 5 cfs, which is %4 , or 0.078, of the mean annual discharge. 6. By entering a low-flow index of 0.078 of mean annual flow on the abscissa scale of the draft-storage diagrams for region B (figs. 7j 8), draft rates for various storage values can be read from the orclinate scale for frequencies of 2, 5, 10, and 20 years. A summary of these data for a 20-year frequency follows: These data can be plotted, and curves can be drawn that are similar to those shown in figure 4. By knowing the draft rate required, the storage capabilities of the site, and the frequency of deficiency of storage that can be tolerated, a detailed analysis can be made. For instance, if computations are based on data for a 20-year frequency, storage will be inadequate to maintain the design draft rate on the average of onee in 20 years. Estimates should also be made of seepage and evaporation losses and silt accumulation that would reduce storage capacity, so that adjustments could be made to provide the required storage capacity.
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G26 C O N T R I B U T I O N S TO THE H Y D R O L O G Y
See footnotes at end of Lat 34°32'55", long 92°15'30", in NE}£ sec. 14, T. 1 N., R. 12 W., P at bridge on U.S. Highway 65 at Little Rock. Lat 34W20", long 91°34'00", in EVS sec. 20, T.6 S., R. 5 W., at P bridge on State Highway 88 at Reydel.
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